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Prostate cancer is now the commonest cancer in men in the UK
and North America. Approximately 27000 new cases in England
were reported in 2003 with 8500 deaths (United Kingdom
Association of Cancer Registries [UKACR] <www.ukacr.org>). In
the UK, 66.1% of patients have organ confined prostate cancer
at presentation, a further 20.9% have locally advanced prostate
cancer and the remaining 13% have metastatic disease at pres-
entation (The British Association of Urological Surgeons [BAUS]
<www.baus.org.uk>).

Radical treatment options are indicated in patients with
organ confined prostate cancer. In suitably selected patients,
radical retropubic prostatectomy is the treatment of choice.1

Traditionally, this operation was performed via an open lower
abdominal incision but the laparoscopic approach is becoming
increasingly popular with oncological equivalence, improved
morbidity and a quicker recovery.2,3

Laparoscopic radical prostatectomy (LRP) is a compli-
cated and technically demanding operation with a flat (i.e.
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ABSTRACT

INTRODUCTION Radical retropubic prostatectomy (RRP) performed laparoscopically is a popular treatment with curative intent for
organ-confined prostate cancer. After surgery, prostate specific antigen (PSA) levels drop to low levels which can be measured with
ultrasensitive assays. This has been described in the literature for open RRP but not for laparoscopic RRP. This paper describes PSA
changes in the first 300 consecutive patients undergoing non-robotic laparoscopic RRP by a single surgeon.
OBJECTIVES To use ultrasensitive PSA (uPSA) assays to measure a PSA nadir in patients having laparoscopic radical prostatec-
tomy below levels recorded by standard assays. The aim was to use uPSA nadir at 3 months’ post-prostatectomy as an early
surrogate end-point of oncological outcome. In so doing, laparoscopic oncological outcomes could then be compared with pub-
lished results from other open radical prostatectomy series with similar end-points. Furthermore, this end-point could be used
in the assessment of the surgeon’s learning curve.
PATIENTS AND METHODS Prospective, comprehensive, demographic, clinical, biochemical and operative data were collected
from all patients undergoing non-robotic laparoscopic RRP. We present data from the first 300 consecutive patients undergo-
ing laparoscopic RRP by a single surgeon. uPSA was measured every 3 months post surgery.
RESULTS Median follow-up was 29 months (minimum 3 months). The likelihood of reaching a uPSA of ≤ 0.01 ng/ml at 3
months is 73% for the first 100 patients. This is statistically lower when compared with 83% (P < 0.05) for the second 100
patients and 80% for the third 100 patients (P < 0.05). Overall, 84% of patients with pT2 disease and 66% patients with
pT3 disease had a uPSA of ≤ 0.01 ng/ml at 3 months. Pre-operative PSA, PSA density and Gleason score were not correlated
with outcome as determined by a uPSA of ≤ 0.01 ng/ml at 3 months. Positive margins correlate with outcome as determined
by a uPSA of ≤ 0.01 ng/ml at 3 months but operative time and tumour volume do not (P < 0.05). Attempt at nerve sparing
had no adverse effect on achieving a uPSA of ≤ 0.01 ng/ml at 3 months.
CONCLUSIONS uPSA can be used as an early end-point in the analysis of oncological outcomes after radical prostatectomy. It
is one of many measures that can be used in calculating a surgeon’s learning curve for laparoscopic radical prostatectomy and
in bench-marking performance. With experience, a surgeon can achieve in excess of an 80% chance of obtaining a uPSA nadir
of ≤ 0.01 ng/ml at 3 months after laparoscopic RRP for a British population. This is equivalent to most published open series.
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difficult) learning curve.4 The concept of a learning curve
was first introduced by the 19th century German psychologist
Hermann Ebbinghaus. He identified that increasing the
amount of material to be learned increases the time it takes
to learn it in a logarithmic way. In 1936, the learning curve
was first quantified in the aeronautical literature. It was
noted that every time total aircraft production doubled at
Wright-Patterson Air Force Base in the US, the required
labour time decreased by 10–15%.5 Learning curves are
measured by the length of time of the operation by most
authors,6,7 but it can be easily extended to other parameters
such as surgical outcome measures or complication rate.

In both the laparoscopic and open setting, standard postop-
erative oncological surveillance is undertaken with serial
prostate specific antigen (PSA) assessments to help identify
patients in need of further treatment. Immediate treatment of

patients who have local recurrence after radical prostatectomy
with radiotherapy confers a survival advantage.8

We describe the use of ultrasensitive PSA (uPSA) deter-
mination in the oncological surveillance of patients under-
going LRP and its use as an oncologically relevant surrogate
marker for monitoring the learning curve. In addition, we
report on the surgical outcome of a single surgeon’s first
300 patients.

Figure 1 Biopsy Gleason score and uPSA at 3 months after surgery.

Figure 2 Pre-operative PSA and uPSA at 3 months.

Figure 3 Changes in operative time in consecutive cohorts of patients.
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Patients and Methods

Between June 2003 and June 2006, 300 consecutive patients
underwent laparoscopic extraperitoneal radical prostatec-
tomy performed by a single surgeon. The technique used
was a modified version of that described by Stolzenburg et
al.9 During the period of data collection, the technique
underwent a number of modifications to improve potency
and continence rates. These related to sparing the pelvic
nerves and optimising the anastomosis by varying the num-
ber and type of anastomotic sutures. The patients’ mean age
was 62 years (range, 46–76 years) with a mean pre-opera-
tive PSA level of 7.37 ng/ml (range, 0.6–22.3 ng/ml) The
median follow-up was 19 months (range, 3–39 months). The
ultrasensitive assay used was Immulite 2000 Third
Generation PSA. An undetectable uPSA was defined as ≤

0.01 ng/ml. No patients were treated with hormones or
radiotherapy within 3 months of surgery. Patients were fol-
lowed on a 3-monthly basis initially. Statistical analysis was
undertaken with Prism Graphpad v.4.00 statistical package.

Results

Patients with a Gleason score of ≥ 8 (n = 15) had a lower
likelihood of achieving an undetectable uPSA compared

with those patients with a pre-operative Gleason score of
≤ 6 (n = 145) although this was not statistically significant (P
= 0.2586; Fig. 1). Similarly, there was no statistically signifi-
cant correlation between pre-operative PSA (Fig. 2) or PSA
density and uPSA at 3 months (r2 0.00069 and 0.00011,
respectively).

A steady reduction in operating time was noted from a
mean of 262 min for the first 25 cases compared with 144
min for of the last 25 (P < 0.01; Fig. 3). Patients with opera-
tive times greater than 240 min were statistically less like-
ly(P < 0.01) to achieve an undetectable uPSA (66.6%) com-
pared with operative times less than 120 min (90%). Non-
nerve-sparing operations had significantly less chance of
achieving an uPSA ≤ 0.01 ng/ml compared with unilateral or
bilateral nerve sparing. Complications encountered in the
series were five blood transfusions, four operations convert-
ed to open (these occurred in the first 20 cases but there
were no other conversions in the subsequent 280 cases).
There were four rectal injuries, two patients developed atri-
al fibrillation, there were two prolonged urinary leaks, one
pulmonary embolus and one patient’s catheter fell out at 2
days’ post-surgery. The occurrence of complications was
not associated with a significantly different uPSA result at 3
months. Alterations to operative technique did not correlate
to uPSA at 3 months (r2 0.0053).

Figure 4 shows the distribution of the uPSA levels at 3
months after surgery in sequential groups of 25 patients. The
percentage of patients reaching an undetectable PSA at 3
months in the first 100 patients was 73% compared with 83%
in the second 100 patients (P < 0.05) and 80% in the third 100
patients (P < 0.05). The case mix (stage, grade and tumour vol-
ume) was similar between these 25-patient cohorts.

Figure 4 Distribution of uPSA at 3 months after surgery in sequen-
tial cohorts.

Figure 5 Pathological stage and uPSA at 3 months after surgery. Figure 6 Impact of margins on uPSA at 3 months after surgery.
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Overall, 39 patients (13.5%) were pT2a, four (1.3%)
pT2b, 155 (53.6%) pT2c, 77 (26.6%) pT3a and 14 (4.8%)
pT3b. Figure 5 demonstrates the uPSA reached at 3 months
after surgery by pathological stage. Overall, 84% of patients
with pT2 disease had an undetectable PSA compared with
66% of patients with pT3 disease. A negative surgical mar-
gin had an 88% likelihood of achieving a PSA nadir of ≤ 0.01
ng/ml. This was significantly more likely than if the margin
was positive (P = 0.0361; Fig. 6). There was a positive corre-
lation between tumour volume and uPSA at 3 months (r2 =
0.05312). A tumour volume of less than 1 ml had an uPSA
≤ 0.01 ng/ml in 84% compared with only 61% if tumour vol-
ume was > 4 ml.

Discussion

uPSA assays are increasingly being used in post RRP surveil-
lance. It has advantages over standard assays which are
only sensitive to 0.1 µg/l in postoperative surveillance and
prognostication. It allows for earlier detection of biochemi-
cal relapse by around 11–18 months over traditional meth-
ods.11,16 Defining biochemical relapse in uPSA-monitored
patients is still debated. Some authors feel there is too much
‘background noise’ at the very lowest levels to make this
technique specific enough.17 Others recommend that two
sequential rises in uPSA is not specific enough and that one
should wait to see four sequential rises before diagnosing
biochemical failure.16 By identifying and characterizing
relapsing patients early, they can be offered salvage thera-
peutic interventions. It has been suggested that early sal-
vage treatment helps increase the chance of relapse-free
survival.17

In open RRP, patients whose nadir is ≤ 0.01 ng/ml have a
3% risk of biochemical relapse versus a 75% risk for those
patients whose nadir is above this value.15 Subsequent work
has further stratified risk looking at various uPSA cut-offs in
open RRP. These have consistently demonstrated relapse
rates of 0–6% for those patients with a nadir of less than
0.01 ng/ml, relapse rates of 12–25% for a nadir of 0.01–0.04
ng/ml and relapse rates of 69–92% for a nadir of over 0.04
ng/ml.13–15 The variation in these numbers is likely to be
due, in part, to the variable length in follow-up.

This is the first report of the use of uPSA in a sequential
series of patients undergoing laparoscopic RRP. As with
patients having open surgery, the use uPSA in patients hav-
ing laparoscopic procedures confers the advantages of
detecting early biochemical failure, but also of providing a
reproducible early end-point, particularly regarding onco-
logical outcome. This paper demonstrates the use of this
end-point in assessing the learning curve of laparoscopic
radical prostatectomy.

Published series for open RRP have uPSA nadirs < 0.01
ng/ml, ranging from 52%13 to 78%.14,15 Using these data as a

bench-mark against which we can assess the laparoscopic
technique, our data compare favourably and support claims of
oncological equivalence. The influence of intent to nerve spare
is difficult to establish from these papers and may play a part
as will the definitive disease stage but there is no correlation
between intent to nerve spare and uPSA nadir in our data.

Given the uncertainty of the outcomes from this opera-
tion, in developing this series, the earlier patients were
carefully selected creating a selection bias. As the technique
improved, all suitable patients were offered either the
laparoscopic or open technique. We note that this is not
reflected in disease stage on pathology and disease burden
by volume through the series. As the series has matured
there has been inclusion of more challenging patients and
these could bias the results in an adverse way.

In pT2 disease, 84% of patients had a uPSA nadir at 3
months of ≤ 0.01 ng/ml over the entire cohort. Appropriately
staged patients undergoing laparoscopic RRP can enjoy
oncological outcomes comparable to open RRP. Looking at
pT3 disease, 66% of these patients also reach a uPSA of
≤ 0.01 ng/ml at 3 months. If one compares pT3a and pT3b,
there is a large difference with 70% of pT3a versus 33% of
pT3b having an uPSA level of ≤ 0.01 ng/ml at 3 months.

Looking at pre-operative parameters to try and stratify risk
for patients, we find that there are trends towards poorer out-
come with increasing biopsy Gleason score, pre-operative PSA
and PSA density but there is no significant correlation.

Looking at peri-operative parameters to try and stratify
risk for patients, we find that operative time and complica-
tions do not correlate with uPSA at 3 months although oper-
ations taking longer than 4 h do carry a significantly
reduced likelihood of reaching a uPSA of 0.01 ng/ml or less
at 3 months (P < 0.001). We also found that negative mar-
gins predisposed to a significantly improved uPSA at 3
months. There is a trend towards a greater chance of get-
ting a uPSA of 0.01 ng/ml or less with decreasing tumour
volume but this correlation is not significant.

These data suggest that bilateral or right-sided nerve
sparing has a significant influence on outcome if judged by
uPSA at 3 months when compared to no nerve sparing. This
difference is not quite seen in the left-sided nerve preserva-
tion and this reflects the intra-operative observation that
right-sided nerve preservation is technically easier for the
right-handed surgeon. There is likely to be a strong selec-
tion bias. Patients with favourable pre-operative clinical
staging and grading were likely to be offered a nerve-spar-
ing procedure. This is likely to result in a more favourable
outcome. Early cases were largely undertaken on patients
unsuitable for non-nerve-sparing surgery due to the
increasing complexity of offering nerve sparing as well as
the ethical concerns when functional outcomes were still
uncertain. This would also contribute to worse outcomes in
this group.
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In reviewing the literature, operative time is the com-
monest operative variable used to define learning curves. If
the functional and oncological outcomes of radical prostate-
ctomy were always the same, this would be the most valid
variable to use. Operating time has the advantage of being
easy to collect, immediate and is reproducible. As outcomes
in surgery are variable, operative time may be of less value
in measuring learning curves than other variables such as
uPSA nadir. In Figure 3, mean operative time decreases as
the series develops and plateaus around the 200th patient.
This may seem like a long time but could be accounted for
by the fact that the surgical technique was continuously
evolving and, therefore, not stable. In Figure 4, patients
achieving uPSA nadirs of < 0.01 ng/ml increase as the series
develops and plateaus earlier, at around 100 patients. In the
tenth cohort (patients 250–275), we note a drop in the num-
ber of patients achieving a nadir of < 0.01 ng/ml. This can
be explained by the higher risk case mix in that particular
cohort. When considering oncological outcomes by using
uPSA nadir as a surrogate for oncological outcome (of < 0.4
ng/ml), the literature indicates that 250 open prostatec-
tomies need to be performed by a single surgeon before the
learning curve is complete.18 Our data for the laparoscopic
technique compare very favourably.

Conclusions

uPSA assessment in the postoperative surveillance of
patients undergoing laparoscopic radical retroperitoneal
prostatectomy for cancer has utility as a means of risk strat-
ifying and counselling patients on prognosis. Our results
demonstrate equivalence with published open data which
gives us confidence in advocating this technique. We have
demonstrated that nerve sparing does not appear to effect
early outcome adversely as measured by uPSA. uPSA is an
oncologically relevant early measure that can be used to
assess a surgeon’s learning curve.
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